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Applicants and Posts Modelled as a Bipartite Graph

Outline o Let A be a set of applicants and P be a set of posts.
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Rank-Maximal Matchings
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Rank-Maximal Matchings

Outline

e The signature of a matching where applicants have upto r

Rank-Maximal

Matchings ranks is (x1,x2, -, T,), Where x; is the no. of applicants
Notation . LI .
e assigned their z—t.h 'ch0|ce p(?st. | | |
e \We want to maximize the signature lexicographically in a
Weighted Matchings rank-maximal matching.
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Weighted Rank-Maximal Matchings

Outline e Suppose we assign weights to each applicant.
Rank-Maximal

Vil e In the signature (x1, 22, -, x;), x; is now the sum of
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Reducing the
Problem

The Reduction

p P

Algorithm

Popular Matchings

Faster Algorithm

Signature: (6,3) Signature: (3,7)

Efficient Algorithms for Weighted Rank-Maximal Matchings and Related Problems — 8 / 29



Reducing Weighted Rank-Maximal Matchings to
Rank-Maximal Matchings

Outline e Partition the edges E; of each rank into k£ classes:

Rank-Maximal .

Meishinee Ei1, -, B, where wy > wg - -+ > wy, are the weights and
Weighted Matchings E; ; is the set of edges incident to applicants of weight w;.
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; J{ Solving the Problem as a Problem of Rank-Maximal
: N Matchings

Outline Theorem-1: The problem of finding a weighted rank-maximal
Rank-Maximal . . .
Matchings matching where there are r ranks and k£ weights is the same as

Weighted Matchings ~ finding a rank-maximal matching in a graph with r - k£ ranks.
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Finding Even, Odd and Unreachable Vertices

il e Find a maximum matching M; in Gy = (AU P, Ey).
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Augmenting the Matching

Outline e Add all edges incident only to vertices in £; from Es.
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Existing Algorithm for Rank-Maximal Matchings

Qe e Add all edges incident only to vertices in & N---N&; from
Viatchings. Eif1.

Weighted Matchings e Augment M; in this new graph to get a matching M, .
Algorithm e This approach was used by Irving et al. to give an

iuzr,?z:ﬁlj,g M1 O(r - m -+/n) algorithm for finding rank-maximal matchings.
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Another Approach for Finding Rank-Maximal
Matchings

Outline e The best known algorithm for finding a perfect matching in
Vatchings bipartite graphs [Mucha and Sankowski] runs in O(n®)
Weighted Matchings randomized time.

Algorithm e (Can we use this algorithm for finding rank-maximal

EOandU . . w . . 2
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Popularity of Matchings

Outline e A matching M’ is more popular than M if the number of
Rank-Maximal . . /

Matchings applicants preferring M’ to M exceeds the number of
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Popular Matchings

Outline e A matching M is called a popular matching if there is no
Vatchings matching M’ which is more popular than M.

Weighted Matchings

Algorithm

Popular Matchings

Popularity
f-posts
S-posts

Popular Matchings
Algorithm

Popular Matchings
Faster Algorithm

Running Time

Faster Algorithm

A Popular Matching Another Popular Matching

Efficient Algorithms for Weighted Rank-Maximal Matchings and Related Problems — 18 / 29



Popular Matchings

Outline e A matching M is called a popular matching if there is no
Rank-Maximal . . .

W reltinme matching M’ which is more popular than M.

Weighted Matchings @ Ve introduce an artificial last resort post called [(a) for each
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Finding f-posts for each applicant

Outline e In Gl — (AUP,El), find g, O and U w.r.t Ml.
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Finding s-posts for each applicant
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Algorithm for Popular Matchings

Quiitz e In G, consider only edges which match an applicant a to
Rank-Maximal
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Faster Algorithm for Popular Matchings

Outline e Modify G’ by adding |P| — |.A| vertices to A and make these
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Completing the Algorithm and Finding its Running
Time

Outline e Remove the extra vertices added and edges incident upon
Vatchings them to get an applicant perfect matching.

Weighted Matchings  ® | his new algorithm runs in O(n“) randomized time.
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Find Even, Odd and Unreachable Vertices
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Find Even, Odd and Unreachable Vertices

Outline e Add all edges incident only to vertices in £ from E5 to get
Rank-Maximal

Matchings GQ.
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Adding New Vertices and Edges
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Finding a Perfect Matching and Removing Vertices

Outline
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Finding a Perfect Matching and Removing Vertices

Outline

e Find a perfect matching in this graph using the O(n%)
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Matchings algorithm by Mucha and Sankowski.
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Algorithm upon them to get a rank-maximal matching.
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Conclusion

Outline e¢ Theorem-2: The Rank-Maximal matching problem can be
Vatchings solved in O(r - n“) randomized time.
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